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In the late 1980’s and early 1990’s, various media in karst environments in the Northern Yukon Territory were examined for their diatom
content. Cryogenic cave calcite powders, grus and various ice formations (ice plugs, ice stalagmites and ﬂoor ice) were collected
from three freezing caves and one slope cave to make an inventory of the diatom content, and to explain the spatial distribution of
the diatoms within the caves. The results show that approximately 20% of diatoms in the caves originate from external biotopes and
habitats (e.g., river, lake, stream), with the remaining 80% of local origin (i.e., from subaerial habitats near cave entrances). The
results also indicate that the greater abundance of diatoms is found in the larger caves. This is explained by the fact that the air
circulation dynamics are much more important in caves that have a larger entrance. Also grus, ice plugs and ice stalagmites have the
lowest diatom diversity, but greater relative abundance, indicative of growth in speciﬁc habitats or under speciﬁc conditions. Overall,
these results are a contribution to the study of particles transport in ice caves.
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INTRODUCTION

Diatoms are microscopic unicellular algae that
range in size from approximately 5 µm to 500 µm and
live in moist environments, including soils (Barber &
Haworth, 1981). The diatom group Bacillariophyceae
is characterized by an exquisitely sculptured cell wall
composed entirely of silica (Lewin, 1962). This siliceous
structure is very resistant to post-depositional
alteration, thereby allowing these microscopic algae
to be preserved as microfossils in sediments or other
media (Haworth, 1980; Battarbee, 1986). Many
studies have discussed the presence of diatoms in
caves (e.g. Hoeg, 1946; Kol, 1957; Claus, 1955, 1962a,
1962b, 1964; Palik, 1960; van Landingham, 1965,
1966, 1967; Fukuchi, 1967; Mason-Williams, 1967;
Gounot, 1968; Dobat, 1970; Carter, 1971; St.Clair
& Rushforth, 1978; Bahls 1981; St.Clair et al. 1981;
Camburn, 1982; Kashima et al.,1987; Rushforth et
al., 1984; Dayner & Johansen, 1991). However, these
studies have focused mainly on compiling diatom
taxa lists, only a few, (Roldan et al., 2004) explained
their origin and distribution within the caves. It can
be disputed that the presence of diatoms in caves is
limited to the zone near the entrance within reach of
1) Corresponding author: B. Lauriol (blauriol@uottawa.ca)
Department of Geography, University of Ottawa, 60 University
St., Ottawa ON K1N 6N5, Canada.

daylight and that the possibility of ﬁnding diatoms in
deeper sections of caves is considerably reduced due
to the absence of light, which prevents their in situ
growth. Therefore, one can readily argue in favour of
an allochtonous origin of diatom assemblages found
in sediment, ice or other media in zones outside the
reach of daylight in caves.
This paper is the ﬁrst study that deals speciﬁcally
with the origin and distribution of diatoms found
in ice formations and cryogenic calcite deposits
in freezing and slope caves located in the northern
Yukon Territory, Canada (Fig. 1). Freezing caves,
glacières (Balch, 1900) or ice caves are caves that
contain seasonal and / or perennial ice. Slope caves,
as deﬁned by Mitter (1983), are recognized as having:
i) a linear form that is up to tens of meters long;
ii) walls that are modelled by mechanical weathering;
iii) a ﬂoor that dips toward the entrance, and
iv) debris on the ﬂoor that exhibits sorted polygons
and striped features, which are unique to periglacial
environments. A slope cave can be considered a rock
shelter of a few meters long, but rock shelters are not
limited to permafrost regions and are known to have
various origins (Sweeting, 1972; Ford & Williams,
1989).
The possibility of ﬁnding diatoms in ice and calcite
deposits in caves in periglacial environment is a
challenge since ice can be harmful for the preservation

84

Bernard Lauriol , Clément Prévost and Denis Lacelle

of diatoms. Nevertheless, studies from glacier and
sea ice (Kellogg & Kellogg, 1996; Thomas, 2004) have
shown that the aerophilous species of diatoms can
attach themselves to the surface of the ice (epicryotic)
or grow within ﬁssures or air and water bubbles in the
ice (endocryotic). The mineral salts (CaCO3 and SiO2)
and water coating the surface of the ice formations
can likely provide the necessary nutrients for their
growth and survival, if there is enough light. Moreover,
diatoms that live in the presence of ice have been
shown to secrete an extra-cellular polysaccharide
substance that enables them to be embedded onto the
ice surface. This substance also has a cryoprotectant
role, protecting diatom cells from damage by freezing
(Thomas & Dieckmann, 2003).

STUDY AREA

Physiography
The study area is located within the zone of
continuous permafrost in the northern Yukon Territory,
Canada (Fig. 1). More speciﬁcally, the sampling sites
are situated in the Tsi-it-toh-Choh and Bear Cave
ranges. The regional climate is characterized by a cold
continental regime. The mean annual air temperature
presently recorded at the Mayo meteorological station
(504 m above sea level), located 350 km south of the
study area, is -3.1 ± 2.4°C (January T°C: -25.8°C;
July T°C: 16°C) and annual precipitation amounts
to 313 mm, with 65% falling as rain (Environment
Canada, 2004). Old Crow meteorological station
(270 m a.s.l.), located 125 km north of the Tsi-it-tohChoh and Bear Cave ranges, reports a mean annual
air temperature of -10°C (January T°C: -35°C; July
T°C: 15°C) and receives only 215 mm of precipitation
annually, half falling as rain (Environment Canada,
2004). The modern vegetation is subarctic, dominated
by black spruce forest in the valley and by tundra on
the plateau.
The Tsi-it-toh-Choh and Bear Cave ranges are a
platform composed of limestone and dolomite faulted
in the late Cretaceous to early Tertiary (Norris, 1980).
The platform measures 40 km by 5 km and rises to
1219 m a.s.l, and 500 to 600 m above the surrounding
lowlands (Fig. 2). There are short, horizontally-oriented
caves inherited from the Tertiary which are exposed in
the upper part of canyon walls, fed by intermittent
streams cutting the mountainous plateau. It is inside
some of these caves that annual and perennial ice and
calcite-rich deposits were sampled.

The ice caves (Grande Caverne, Caverne’85
and Caverne des Méandres)

The sampled ice caves are: Grande Caverne Glacée,
herein referred to as Grande Caverne (66°42’ N; 139°18’
W), Caverne’85 (66°46’N; 139°17’W) and Caverne
des Méandres (66°42’N; 139°17’W). These caves are
located in the Tsi-it-toh-Choh Range and extend
between 750 and 950 m a.s.l. (Lauriol et al., 1997).
Grande Caverne is one of the largest openings in the
area, varying in width from 5 m to 8 m, approaching 3
m in height and 90 m in length (Fig. 3). Caverne’85 is
narrower (1-2 m), shorter (40 m) and reaches almost

Fig. 1. Location of Tsi-it-toh-Choh and Bear Cave ranges. Northern
Yukon, Canada

Fig. 2. Landscape near Caverne’85, (the arrow shows the location of
Caverne’85). Northern Yukon Territory, Canada.

4 m in height (Fig. 4). Caverne des Méandres is 100
m long, 2-3 m wide and 2 to 4 m high (Fig. 5). Figure
6 presents a synthesis of the different types of cave
studied in this article with a representation of air
circulation during the summer season, as described
in Lauriol et al. (1988).
The age, microclimate, macro-remains and cryogenic cave calcite deposits of the ice caves have been
described in detail by Prévost (1992), Clark & Lauriol
(1992) and Lauriol et al. (1988, 1995, 2001). Figure 3
shows the temperature and relative humidity meas-
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Fig. 3. Topography. A: temperature, B: relative humidity and C: sampled sites in
Grande Caverne, Yukon Territory, Canada. The climatic measurements were taken
on June 29th 1992.

Fig. 4. Topography, ice formations, and sampling sites in Caverne’85, Yukon
Territory, Canada.

Fig. 5. Topography, ice formations and sampling site in Caverne des Méandres,
Yukon Territory, Canada.
D-2

D-3

D-6

D-7

Diadesmis contenta

D. contenta

Achanthes kryophila

A. minutissima

D. perpusilla

D. perpusilla

D. minutissima

Denticula tenuis

Encyonema minutum

Orthoseira roeseana

D. contenta

D. contenta

O. roeseana

Pinnularia balfouriana

O. roeseana

Hannaea arcus

P balfouriana

P. intermedia

P. borealis

Table 2. Detail of diatom ﬂora in Grande Caverne from the sites represented in
Figure 3.
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ured in June 1990 in Grande Caverne. The
air temperature, which progressively decreases within the cave, is warmer along the
roof and colder just above the ﬂoor. The relative humidity increases within the cave and
is highest near the ice plug and above the
ﬂoor, and lowest near the entrance due to
the increasing hygrometric capacity of warmer air. Based on these results, it appears
that during the summer, the cold dense air
trapped inside the cave ﬂows outwards along
the horizontal to near-horizontal ﬂoor of the
caves and is replaced by warm air entering
along the roof. As the warm humid air cools
by way of contact with the colder rock surfaces, which is less than 0°C, its relative humidity rapidly rises to 100%, leading to condensation and hoar ice formation (Fig. 7).
At a certain distance into the caves, the
hoar accumulates to form a perennial ice
plug. The ice plug is in equilibrium with the
modern July 0°C isotherm in the caves and
the distance of the isotherm from the cave’s
entrance varies according to the diameter of
the entrance: the greater the diameter, the
deeper is the ice plug inside the cave. For
example, with an entrance diameter of 4 m,
the ice plug inside Grande Caverne is found
at a distance of 90 m inside the cave, whereas in Caverne des Méandres, which has an
entrance diameter of 2 m, the ice plug is
found 30 m inside the cave (Fig.8). However,
not all ice plugs result from the accumulation of hoar ice. Some ice plugs are formed
by snow that enters into the cave through a
vertical shaft that joins the main passage.
This was observed in Caverne’85, where the
passage terminates with an ice plug found
at the base of a vertical shaft partially ﬁlled
with snow. Generally, the ice plugs totally
close passages in the cave, but a narrow
passage can occasionally exist between the
ice and the ﬂoor, as observed in Caverne des
Méandres in July 1995.
Condensation on the walls in caves can also
lead to dissolution of the limestone, either
during condensation or during the thaw of
the hoar ice. The exact nature of this process
remains unknown, but probably approaches
the one described by Tarhule-Lips & Ford
(1988), Zupan Hajna (2003) and Lacelle et
al. (2004) in temperate and warmer caves.
Cryogenic calcite powders result from the
dissolution and precipitation of calcite. These
cryogenic powders are commonly found on
the surface of the various ice formations
and on the ﬂoor of the caves. The processes
related to the formation of the cryogenic
calcite powders, which are released from
the ice during sublimation, was ascribed to
the freezing of bicarbonated water (Clark &
Lauriol, 1992; Lauriol et al., 2006).
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Fig. 6. A schematic representation of sampled caves for diatom analyses in Northern
Yukon, Canada.

Fig.7. Hoar and ice ﬂoor in Grande Caverne.
Northern Yukon Territory, Canada.

the slope cave. A 3 to 5 cm thick greyish, calcite-rich
sediment mixed with small rock fragments covers
the ﬂoor of the cave. Mitter (1983) used the term
“powder sinter” to describe this type of secondary
carbonate deposit. The author probably made a
mistake in proposing a new term, since the longestablished term for this type of weathering product
is grus (Glossary of Geology, 2005). In PC-85, the
grus occurs on the walls and ﬂoor of the cave, which
are dusty during dry periods and muddy during wet
periods.
Grus is different from the cryogenic calcite deposits.
Its granulometry has a bimodal distribution, with a
ﬁrst mode in the silty class, around 30 µm, and a
second in the sandy class, around 500 µm. The stable
isotope of oxygen (δ18O) and carbon (δ13C) of the grus,
presented in the δ-notation, which is the normalized
difference between the sample and a standard, i.e.
δ18O = [(18O/16O)spl / (18O/16O)std -1]  1000‰, are -2‰
and 4‰ respectively, which is similar to that of local
bedrock but different to that of cryogenic cave calcite
powders, which have δ13C values up to 17‰ (Clark
& Lauriol, 1992). All of these elements indicate that
the grus in PC-85 is a by-product of rock-surface
weathering processes, most likely micro-gelivation
or freeze/thaw cycles.

METHODOLOGY

Fig 8. Ice plug in Caverne des Méandres. Northern Yukon Territory,
Canada.

The slope cave (PC-85)
The sampled slope cave, PC-85 (66°30’N; 139°16’W;
600 m a.s.l.), is located on an upright-standing rock
outcrop on a south to south-eastern facing slope in
the Bear Cave Range. The cave is small, measuring
7 m long and 1.2 m diameter. It rises slightly and
ends at a blind-wall. Frost weathering and transport
activity played an important role in the formation of

Field sampling
In the late 1980’s and early 1990’s, samples of ice
plugs, ice stalagmites, cryogenic calcite powders and
grus were collected from caves located in Tsi-it-tohChoh and Bear Cave ranges. In Grande Caverne, one
ice stalagmite (D1) located near the entrance, two
samples from the ice plug located at the end of the
cave (D8 and D9) and nine samples from the ﬂoor
(three cryogenic calcite powders and six ﬂoor ice
samples) were collected. In Caverne des Méandres,
we collected two samples from the ice plug. In
Caverne’85, three samples of cryogenic calcite
powders, one ice stalagmite and two samples from
the ice plug were collected. Finally, in the slope cave
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(PC-85), grus was collected from the ﬂoor.
The ice plugs, ice stalagmites and ﬂoor ice samples
were collected using an ice axe, allowed to melt in the
ﬁeld and then poured in 250 ml HDPE bottles. The
water samples were kept cool and in the dark until
shipment to Ottawa. Approximately 200-300 g of
calcite-rich sediments (cryogenic calcite powders and
grus) were collected from the ﬂoor of the caves, and
stored in sterile plastic bags.
Preparation of samples
The preparation of samples for diatom analysis
required the use of various chemicals to digest organic
matter. The melted ice samples were ﬁrst treated at
room temperature with 30% hydrogen peroxide (H2O2)
followed by four to six cycles of washing with distilled
water and centrifugating until all trace fold acids
were removed. The calcite-rich deposits (cryogenic
calcite powders and grus) were subjected to a 10%
HCl treatment at room temperature until the reaction
stopped, followed by four cycles of rinsing and
centrifuging with distilled water. The purpose of the
HCl treatment was to remove the calcium carbonate,
thereby liberating the diatoms. Following the HCl
treatment, residues were treated with a 1:1 mixture
of boiling sulphuric (H2SO4) and nitric (HNO3) acids to
remove organic materials.
Residues obtained from acid digestion were
transferred into glass scintillation vials. Distilled water
was added to obtain ﬁnal aliquots of 20 ml. Various
volumes of aliquots (0.2 to 1.0 ml) were pipetted onto
18x18 and 18x40 mm glass coverslips, and dried on
a slide warmed at 50°C. The dried coverslips were
mounted on permanent microscopic slides using
Hyrax® diluted with 20% toluene. Several slides were
mounted for each sample using most of the 20 ml
aliquot (a small volume of each aliquot was kept as
an archive).
The enumeration method used in this study differs
somewhat from that routinely executed for sediments
originating from diatom-rich environments, such as
sediments collected in lakes and bogs. For every sample,
mounted slides were entirely and systematically
scanned in transects. All diatoms encountered were
identiﬁed and enumerated to the species level whenever
possible. The analysis allowed for the determination
of the various diatom assemblages, species diversity
and relative abundance. The results are presented
in Table 1. If a species of diatom represented more
than 80% of all diatoms on a slide, it was classiﬁed
as abundant, if its abundance was less than 10%, it
was classiﬁed as rare and in-between it was classiﬁed
as frequent.
Identiﬁcation
Diatom identiﬁcation was based on the compilations
of Krammer & Lange-Bertalot (1986, 1988, 1991),
Lange-Bertalot & Krammer (1989), Germain (1981),
and Patrick & Reimer (1966, 1975). The works of
Foged (1971, 1981) and Hein (1990) and the taxonomic
revision of Round et al. (1990) were also consulted.
The checklist of Hartley (1986) was used for synonymy
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and authority veriﬁcations, along with the workshop
report of Hamilton et al. (1994) and the catalogue of
van Landingham (1966, 1967).

RESULTS AND INTERPRETATION

Diatoms in ice plug
The diatom assemblage contained in the ice plug
of Caverne des Méandres and Grande Caverne (Table
1 - Column 4) is highly diversiﬁed with 37 species
identiﬁed, but only a few diatom species are abundant,
such as Achnanthes linearis, A. minutissima,
Cymbella latens, C. microcephala and C. minuta. The
other diatom species are either frequent or rare. The
absence of any species-dominated assemblage and
the dark environment suggest that the diatom species
contained in the ice plug samples are allochthonous.
The diatom assemblage (17 species) in the ice plug in
Caverne’85 (Table 1 - Column 5) consists of aerophilous
diatoms dominated by Orthoseira dendroteres. Forms
of Navicula (Diadesmis) contenta, parallela, biceps and
Pinnularia balfouriana, which grow on arctic mosses
and which are common in arctic lakes and ponds
(Douglas & Smol, 1994), are also present. Therefore,
the diatom assemblage identiﬁed in the snow-built
ice plug represents a mixed assemblage of aerophilus
diatoms introduced by air ﬂowing into the cave, while
some were transported during the accumulation of
snow at the base of the vertical shaft.
Diatoms in ice stalagmite
Twenty-nine diatom species were identiﬁed (Table 1
- Column 6) in the ice stalagmites collected in Grande
Caverne and Caverne’85. The diatom assemblage is
largely dominated by Navicula (Diadesmis) gallica var.
perpusilla, an aerophilous diatom. Other aerophilous
diatoms, which are also found in signiﬁcant numbers,
include Achnanthes kryophila and N.(Diadesmis)
gallica. These species are well-adapted to the subaerial humid conditions prevailing near the entrance
of the caves, where the light intensity is very low
(Krammer & Lange-Bertalot, 1986).
Diatoms in ﬂoor ice and cryogenic calcite powders
The diatoms identiﬁed in the ﬂoor ice and cryogenic
calcite powders sampled on the ﬂoor of Grande Caverne
and Caverne’85 are presented in Table 1 (Column 1
and 2). The diatom assemblage does not vary between
Grande Caverne and Caverne’85 and between the
different sample locations. For example, the diatom
assemblage in the ﬂoor ice samples D2 and D3,
located 16 m from the entrance of Grande Caverne, is
very similar to the diatom species in samples D6 and
D7, located 88 m inside the cave (Table 2).
In total, 58 diatom species were identiﬁed in Grande
Caverne and 30 species in Caverne’85. The diatoms
species are slightly less abundant in the ﬂoor ice
samples (n = 40) than in the cryogenic calcite powder
samples (n = 49), since in the latter, the diatoms are
liberated from the ice during sublimation of the ﬂoor
ice, which leads to the accumulation of cryogenic
calcite powders on the ﬂoor of the caves. As a result, the
diatoms trapped in the ﬂoor ice and cryogenic calcite
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powders were not classiﬁed into two separate groups
(Table 1). The combined results from the two caves
reveal a mixture of diatoms and other microfossils such
as pollen, chrysophyte cysts, entire sponge and sponge
spicules. The diatom ﬂora in the ﬂoor ice and cryogenic
calcite powders are dominated by aerophilous species,
such as Hantzschia amphioxys, Orthoseira roeseana,
N.(Diadesmis) contenta and Pinnularia borealis. Also
frequently encountered are diatoms demonstrating a
particular ecological tolerance to ﬂowing or standing
bodies of water. Among them, we ﬁnd Hannaea arcus,
a rheophilous taxon typical of ﬂowing water (Patrick
& Reimer, 1966; Patrick, 1977), which attaches to
rocks in cold water streams and rivers of mountainous
regions (Patrick & Reimer, 1966; Round et al., 1990).
Also common is Didymosphenia geminata, a taxon
found in the littoral zones or in streams and rivers
of mountainous areas (Germain, 1981). Other nonaerophilous taxa are Cymbella spp., Eunotia praerupta
and Stauroneis phoenicenteron..
Diatoms in grus
The sample of grus collected in the slope cave
(PC-85) was analyzed for its diatom content and the
results are presented in Table 1 (Column 3). The
biotic content of the grus revealed numerous pollen
types (Picea, Betula, Alnus) along with diatoms (9
taxa), dominated (approximately 85%) by Orthoseira
species. Luticola nivalis and forms of N, (Diadesmis)
contenta and N. (Diadesmis) gallica var. perpusilla are
also numerous (Table 1). These species can easily
withstand long periods of drought (Germain, 1981).
The remarkable state of preservation of Orthoseira
dendroteres, a small genus of sub-aerial diatoms
commonly found among bryophytes, and O. roeseana
strongly suggests that they grew in situ inside the cave
since their growth is stimulated by moist ambient air
conditions, these diatom species likely develop along
the walls from which they detach simultaneously
with the rock crystals. Micro-gelivation, freeze /
thaw cycles and dissolution were probably important
factors in this process.
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with a volume of 7 m3, nine species were identiﬁed.
This positive relation between the size of the cave
and the relative amount of diatoms is explained by
the fact that in larger caves, there is a possibility
for more sites to trap the diatoms. Another
explanation is related to air circulation dynamics
in caves. Since approximately 80% of the identiﬁed
diatoms have an aerophilous origin, air circulation
and exchange with the outside is more important
in caves with a large entrance, thus resulting in
a greater abundance of diatoms being transported
inside the larger caves.
Type of sediment and diatom relative abundance
Among the different media from which the diatom
ﬂora was compiled, the cryogenic calcite powders and
the ﬂoor ice provided the most diversiﬁed species of
diatoms, with a total of 58 diatom species depicting
various biotopes. The grus contained the least
amounts of diatom species, with nine taxa, but had
the greatest absolute abundance. The ice stalagmites
and the ice plugs yielded a total number of 29 and 42
diatom species respectively.
As shown in Figure 9, Eunotia praerupta, Hantzschia
amphioxys, Orthoseira roeseana and Stauroneis obtusa
are diatom species that tend to be mainly associated
with the cryogenic calcite powders. The variety of
identiﬁed diatoms in the cryogenic calcite powders is
an indication that the latter function as very efﬁcient

DISCUSSION

Size of the caves and diatom relative abundance
A total of 97 diatom species within 29 genera were
identiﬁed in caves of Tsi-it-toh-Choh and Bear Cave
ranges in the Ogilvie Mountains, northern Yukon
Territory (Table 1). The greatest relative abundance
of diatoms was found in Grande Caverne, followed
by Caverne’85 and PC-85. This difference in relative
abundance is related to the size of the caves. For
example, in Grande Caverne, which has a volume
of nearly 1000 m3, 65 species were encountered.
In Caverne’85, with a volume of 300 m3, 44 diatom
species were counted and in PC-85, the smallest

Fig. 9. A principal component analysis of the diatom species collected
from ice plugs, ice stalagmites, cryogenic calcite powders and grus.
The results of the PCA analysis revealed that component 1 and
component 2 represents 38% and 29% of the variability of the data
respectively. Ice plug GC & CdM = ice plug in Grande Caverne and
Caverne des Meandres; Ice plug C’85 = ice plug in Caverne’85;
Stalag. = stalagmites collected in Grande Caverne and Caverne’85;
CCC = cryogenic cave calcite powders and ice ﬂoor diatoms collected
in Caverne’85 and Grande Caverne.

Table 1. Diatom ﬂora in freezing and slope caves in the Northern Yukon Territory, Canada. The
ﬁelds named CC-GC and CC-C’85 = cryogenic cave calcite powders collected in Grande Caverne
and Caverne’85 respectively. The ﬁeld named ICE PLUG CDM and ICE PLUG CG’85 = ice
plug sampled in Caverne des Méandres and Caverne’85 respectively. The ﬁeld named CODE
represents the numbers in the principal component analysis, Figure 9.
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receptacles for diatoms: the diatoms are brought
inside the cave by air circulation and are deposited
on various ice formations. Diatoms are mixed with
cryogenic calcite when ice sublimates. The aerial
dispersion of diatoms is a well-known and effective
medium of transport (Maguire, 1963; Pye, 1987). The
warm air entering the caves during summer contains
diatoms originating from the biotopes located near the
entrance of the caves, or from external habitats (pool,
creek and fall). The latter are incorporated in the hoar,
ice plug and ice stalagmite formations in the caves.
Since the diatoms contained in the cryogenic calcite
powders result from the accumulation of diatoms
from various media, such as sublimation of the ﬂoor
ice or partial thaw of hoar, ice plug, ice stalagmite or
snow, the cryogenic calcite powders have the most
diversiﬁed diatoms species.
From Table 1, it is interesting to observe that the
media with the lowest diatom diversity (grus, ice plug
and ice stalagmite) tend to have the greatest relative
abundance of diatoms, which is an indicative of highly
specialized habitat. These diatoms are species growing
in speciﬁc conditions and/or habitats. Based on Figure
9, Orthoseira spp. is dominant in the slope cave (grus),
which can be a very dry environment; N.(Diadesmis)
perpusilla, Orthoseira roseana group, N.(Diadesmis)
contenta forms, Pinnularia borealis and P. balfouriana
are common in the ice plug partially formed by snow
accumulation (Caverne’85); N.(Diadesmis) gallica var.
perpusilla, N.(Diadesmis) contenta (forms contenta,
biceps and parallela), Achnanthes kryophila, Luticola
nivalis, L. nivaloides, Orthoseira dendroteres and O.
dendrophila are abundant in ice stalagmites present
at the entrance of the freezing caves (Caverne’85 and
Grande Caverne), which is a semi-dark, cold and wet
environment.

CONCLUSION

The systematic enumeration of diatoms found
in ice and calcite-rich sediments shows that the
aerial transport and dispersion of diatoms is an
efﬁcient but limited process in caves of the northern
Yukon Territory. Approximately 20% of diatoms are
allochtonous and originate from external biotopes
and habitats (pool, creek and fall), with the remaining
80% of diatoms from subaerial habitats in nearby cave
entrances. The distribution of diatoms in the caves
is mainly associated with the condensation of water
vapour along the walls. In this case, the distribution
of diatoms suggests that the water vapour doesn’t
travel deep inside the caves, as it was observed by
Roldan et al. (2004) in Spanish caves. The cold walls
of the cave would cause the condensation of water
vapour, which would limit the distance to which
aerosols travel in condensation caverns. In freezing
caves, where the mean annual air temperature is
less than 0°C, condensation results in important
accumulation of hoar ice.
Beyond the hoar ice zone, the passages in the
caves in northern Yukon Territory are very dry
(Lauriol et al., 1988). This condition is unfavourable
for the conservation of diatoms, but favourable for

the conservation of macro-remains, such as woods
and bones, and for the preservation of a red line of
anthropogenic origin in Tsi-tse-Han Cave (Lauriol et
al., 2001). For the same reason, it is possible that
during the Last Ice Age in southern Europe, the
drawing and painting on the walls by prehistoric
people were possible only in the inner parts of the
caves: the zone near the entrance was probably too
humid and covered by ice which prevented the display
of artwork, as suggested by d’Errico et al. (2000).
Finally, this study allows to propose that numerous
natural or anthropogenic aerosols the size of
diatoms, such as wood charcoal as well as calcium,
magnesium and silica ions, can penetrate the caves
and be deposited on carbonate substracta. This
aerial transport of material, as opposed to transport
by groundwater circulating through micro-ﬁssures,
should be considered as a possible alternative of
transporting micro-size particles in sediments. The
air currents can transport particles greater than
the size of the tube that feed the stalagmites and
stalactites (< 50 µm; Krivacsy & Molnar, 1998) and
are deposited mainly in areas of condensation in the
karst system.
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